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THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYGICS LABORATORY

8621 GEORGIA AVENUE
SILVER SPRING. MARYLAND 20810

October 24, 1969

Defense Supply Agency
Defense Documentation Center
Cameron Station

Alexandria, Virginia 22314

Attention: Mr. Herbert Rehbock
Director of Documentation

Reference: (a) DIC-TCA 043068-8-0960 dtd 30 April 1968

Gentlemen:

In reply to your recent tracer, I regret that the
original request for my memorandum SDO-1134 never reached
my office. I am happy to forward herewith a copy of the
memo, "A Controllable Heat Pipe Experiment", my supply be-

ing limited, and I am sorry that a more comprehensive formal
report has not been written,

This work was sponsored by the U, S, Department of the
Navy under Contract NOw-62-0604-c,

This document has been approved for public release
and sale; its distribution is unlimited.

Very truly yours,

Theselyte Myt~

Theodcre Wyatt

TW/1b
Enc. (1) - APL/JHU Memo SDO-1134 dtd 9 Mar 1965

Reproduced by the
CLEARINGHOUSE
for Federal Scientific & Technical
Information Springfiold Va. 22151
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IN nEPL ¢
REFER TO

695433

B L ST S

DEFENSE SUPPLY AGENCY.
DEFENSE DOCUMENTATION CENTER

CAMERON STATION
ALEXANDRIA, VIRGINIA 22314

pnc-TcA ON3068-8-0960 30 spefil 1968 Telophons
SUDJECT: Requast for Sclentific and Technical Reports *7-408)
TO:

Johts Rephians University
Applisd Pipeice L&d (CPIL)

8321 Gesrgla rvenme
Sllver Spring, Marylead 20910

1, This is a tracer on the requonst cited bolow, No reply has beon recelved tv date. Pleaso notify DDC by
return mall of the actlon taken,

2. Tho repori referonced below is belfoved to be a DoD-funded ducument, It has not been lucated In the
Defenue Documontation Center (DDC) cotloation.

3. DoD Instruction 5100.38 of 29 March 1965 requires twenty (20) coplos of nach roport bo forwarded to
DDC, At lcast one (1) copy should bo black printing on white background (or If typed, the ribbon copy) sult-
ublo ‘v ropruduction by photographic tochniques.

4, Documonts should bo marked wilh an appropriste distribution statemont according to DoD Directive
5200,20 of 29 March 1965, and Changoe 2 dstod B May 1967 (AFR 310-2, AR 70-31, NAVMATINST 4000.17).
This includes information on the releasabitlity of unclassified, unlinited documonts for salo to the gonoral
publlic by the Clearinghouso for Fedoural Sclontific and Technlcal Information (CISTI) of the Dopurtment of
Commerce. Thoso distribution statements are found on the reverae of this letter.

5. Return tho copy of this lotter as your roply marking thie reverse accordingly, f.e.:

n. Whon reports aro forwarded, or have proviously boen forwarded, chock and filf in statumenis opposite
A or 3 an applicable, or

b, If the document is not refeamuble to DDC, Indicste the category of excoption by checking tlie appli-
cabfe statemont under C.

6. Enclosed Is a DDC FForm 50 for your use, 1f you wish to be notified of the DDC accession number (AD
number). A malling frank ls aleo eticlosed to uso for shipment of documents,

| oo T bbeele

FOR TIE ADMINISTRATOR;:

2 Encl
1. DDC Form 50 HERBER{T REH:}SCK
2. Frankod label Director of Documoentat'on
U,
OB ). 36-8-0960

Jolaa Sopkine University - Silwver Spring, Meryliad
Applied Phyuiecs Laborstory )

Controllable Nast Pips Experiment by T. Wyatt

SDO-11%4 - Mareh 1965

Wote: If this repoct is DoD sysasored, DOC wosld 4 )
TiRe"it for their ecollectiom. <'.;
G 03763

I71.-88
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- 8D0-1134 :
March 9, 1965 //

" To: C. J. Bwet and R, E. Fischell

From: T, Wyatt

Subject: A Controllable Heat Pipe Experiment for the 5E-4

Satellite

S8ince you have both expressed an interest in performing
& controllable heat pipe experiment in the 5E-4 satellite I wish
to suggest a device of this type for you to employ.

A somewhat unexpected and intriguing observation was
made during early heat pipe trials, DPurely by accident an un-
wanted '"non-condensible' gas. (in the sense used by steam plant
engineers) was present in a heat pipe and it was observed that
the non-condensible gas (hydrogen) was concentrated at the heat-
output end of the pipe and that the amount of heat liberated over
the intended output area was proportional to the amount of non-
condensible gas present., This experimental finding seems to be
susceptible to the following logical explanation., Assume that
initially the hydrogen was uniformly distributed throughout the
pipe. As heat is put into the devizce the working fluid (sodium)
is boiled off and the resulting gas flows from the heat-input
end to the heat-output end, The sodium gas flow sweeps the
hydrogen to the heat-output end; as long as the heat pipe is

. operated any hydrogen molecules tending to migrate from the out-

put end are returned by the continuing sodium gas flowv. The
equilibrium situation thus created is illustrated.in Fig. 1.
Visual observation of high temperature heat pipes ‘and tempera-
ture measurements indicate that the two gasoes are highly segre-

~gated, shat a sharp interface exists. between the working. fluid

gas and the non-condensible gas, and that thermal transport of
the heat pipe's working mode does not occur in the zone occupied
by non-condensible gas,

We thus can control the thermal flow through a heat
pipe by varying the amount of non-condensible gas present. Fig.
2 illustrates one way of introducing and withdrawing a non-con-
densible '"control' gas s8o as to modulate thermal conductance.
Fig. 3 is .an extension of Fig. 2 with some auxiliary provisions
which may prove desirable in some applications.
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Although various manual or automatic means might be
used to adjust the position of the bellows and hence the heat
flow through the pipe the "Vernatherm" manufactured by American-
Standard, Controls Division, of the American Radiator and Standard
Sanitary Corporation, would seem particularly straightforward for

" satellite temperature contrcl., An example is a satellite with

internal heat dissipation (from electrical loads or nuclear decay)
sufficiently large compared to the solar input that regulation of.
the flow of this internal heat to radiating surfaces substantially
shielded from the sun, e.g., the base plate of a gravity stabilized
satellite, would permit maintenance of a desired nearly constant
internal temperature. A possible arrangement is illustrated
schematically in Fig. 4. An increase in temperature causes the
"Vernatherm" to extend in length; this motion thrcugh a linkage
extends the bellows, thereby withdrawing non-condensible "control"
gas-from the heat pipe and increasing the thermal-.output of the
pipe by allowing more fin area to radiate heat. Since more heat
is radiated the tendency to increase in temperature is limited

to the response characteristic of the "Vernatherm", as multiplied -
by the ratio of the linkage. .

Anotber application for satellite temperature control

in conjunction with heat from nuclear decay might be as sketched

in Fig. 5. 1In this case the "Vernatherm" actuator moves the

bellows directly or through a .motion-multiplying linkage to

admit heat from the nuclear source in inverse proportion to.the . .
temperature within the satellite. An effect-similar--to-that-of-=.----
-the motion-multiplying linkage can be obtained by.increasing the _
diameter of the brllows so that a givea linear motion involves
. & greater volumetiic displacement as siaown in Fig. 65 _ -~ .

It s evident that the reliability of a radio=active
isotope thermoelectric power supply is primarily a function of
the reliability of the thermoelectric devices, including their-

. -electrical and thermal connections. This observation leads ore..— «m.--

to consideration of redundant thermoelectrics with provision to
transmit the heat from the nuclear source to either set of thermo-
electrics, This might be accomplished as illustrated in Fig. 7.

T. Wyatt

TW:1b
Distribution attached
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L fully closed (as shown) or #2 is fully opened a
] By this means the heat output of the radio-acti
3 ¢an be switched to either thermoelectric array,
R - inoperative standby. The actuation considered i

So0lenoid holding or latching and spring loading;
alsq being eansidered.

nd #1 is fully closed,
ve isotope fuel capsule”
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cGmmand operation is
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